We present a case of fenestrated anterior cerebral artery associated to duplicated anterior communicating artery found during a routine dissection of the brain in a male human body. Fenestrations of the A1 segment of the anterior cerebral artery are rare, especially if associated to a duplicated anterior communicating artery. To our knowledge, this is the second reported case in the literature. We also present a brief review of the surgical importance of this anomaly.
Introduction
The cerebral arterial circle, also known as circle of Willis (CW), was described by Thomas Willis in 1664, but in majority of cases there are some variations from the original definition. The CW is considered normal when a closed circuit in which the fluid can flow from any entrance point and return to that point through their vessels, without supernumerary vessels, with the usual anterior cerebral arteries pairs, and the mature vessels with more than 1 mm in their outside diameter. [1] Fenestrations of the A1 segment of the anterior cerebral artery (ACA) are a rare cause of asymmetry in the CW. Fawcett and Blachford [2] described only one case in a sample of 700 specimens, that corresponds to 0.14%, it was the right artery which was affected. In the same study, the duplicated anterior communicating artery (ACoA) was found in 7.2% of the specimens.
Gurdal et al. [3] described a duplicated ACoA associated to a small fenestration on ACA at the level of the ACoA. In our review, we did not find other reports of these two variations associated, and to our knowledge this is the second reported case.
Case Report
During a routine dissection of the brain of a 52-year-old male cadaver, a complete but anomalous CW was detected. The posterior circulation, consisting of the posterior cerebral arteries, the posterior communicating arteries and the basilar artery, was complete and symmetric. In the anterior circulation, a fenestrated A1 segment of right ACA associated to a duplicated ACoA was found (Figures 1a and b) . Both ACoA were connected to the medial surface of the medial branch of the fenestrated A1 segment of right ACA. No aneurysms or hypoplasia were found in the CW.
Discussion
Fenestration of the A1 segment might occur due to the absence of fusion of the plexiform anastomosis which was present in the distal primitive ACA during the 18 to 43 mm stage of the embryo. This failure would possibly increase blood flow in one of the A1 segments because of the contralateral A1 hypoplasia. This results in increased hemodynamic stress on the ipsilateral A1 segment that can cause a fenestration and, also, an aneurysm formation on the fenestrated A1 segment. The hypoplasia of one side of the first segment of the ACA is a common anatomical variation, presented in 7-10% of the population. [4] Aktüre et al., in their review, have found 76 reported cases of A1 fenestrations in the literature, 5 of these cases had bilateral bifurcation. [5] 19 cases of aneurysms associated with fenestrated A1 segment was described in the literature. All cases represented saccular type of aneurysms, and 79% of the patients had subarachnoid hemorrhage. 15 of those cases were treated by clipping with good recovery in 60% of the patients. 3 patients were treated with coiling, two of them ruptured, and all presented good recovery. [6] Kwon et al. [6] classified fenestrated A1 aneurysm into three subtypes based on the location of aneurysms associated with A1 fenestrations. Type I is located on the proximal end of the A1 fenestration, which corresponds to 82% of the cases. Type II aneurysm arises from the trunk of the fenestrated A1, corresponding to 12% of the cases. Type III are multiple aneurysms in the fenestration, including one at the proximal end and another at the posterior aspect of the fenestrated artery, with a single case reported in the literature. [7] Multiple aneurysms were shown in 16% of patients with fenestrated A1 aneurysms, which was comparable to approximately 15-20% of incidence of multiplicity in all patients with aneurysms. [8] [9] [10] Therefore a fenestrated A1 aneurysm may not be associated with the occurrence of multiple aneurysms.
Treatment of aneurysms derived from a fenestrated artery may be more challenging because the fenestrations provide specific difficulties. The A1 segment generally supplies the optic chiasm, anterior third ventricle and hypothalamus, medial third of the anterior commissure, caudate head, globus pallidus, anterior limb of the internal capsule and rostral thalamus. Therefore, the origin of the A1 perforators in a fenestrated A1 segment is important on planning endovascular or open surgical approaches for the treatment of associated aneurysms. If occlusion of the fenestrated arm is being considered as the treatment, the origins of the major perforators should be clearly identified. The majority of the normal A1 perforators originate from the lateral surface of the A1 as described by Perlmutter and Rhoton. [11] The complex anatomy and angulation of the fenestrated segments, the inability to unequivocally establish the ability of individual fenestrated A1 segments to adequately support blood flow to both distal ACAs, the fear of compromising perforating vessels and the risk of dislodging a thrombus, increase the degree of difficulty for surgery, as well for endovascular treatment. [12] 
Conclusion
An appropriate knowledge of cerebrovascular anatomy is required for microneurosurgery, especially in aneurysm surgeries. Fenestrated A1 segment is considered a risk factor for the development of aneurysm, since saccular brain aneurysms usually arise from the arterial bifurcations where the blood flow establishes the greatest hemodynamic stress. 
